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iS4) 1M« : ORGANIC U<»fr EMrTTlNG DIODE USING P-N JUNCTION 



(54)«WOifc«i PN«&^«rfflV^fc^«Wft5t^^-<:*— K 




(57) Abstract 

An omnk light emitting diode wliicfa has a dme-layer stxoctore of an anode, an (xganic P-N jancdcn, azui a 
rathodr The P-N junctioa emits light when an electric fiekl is impressed between the anode and the cathode and an 
electric cunem is made to flow. The P-N junctioo is oompoaed of a P-<ype o«ganic flnoteaoem sen jmndnrtor thin film 
and N-cype omnic flnoRsoeat semicondnctor thin film. One side of me P-type thin film is in contact with the anode* 
and the other m contact with the N-type ifam film. One skle of the N«iype dun film is in contact widi the cafliode, and 
the other in contact with the P-type ttnn fifan. This htgh-hnninance and higjvefficiency organic li^ emitting diode 
meets tnegnaKties 1 to 3: Ineqaal%rl: XI £ X2. Inequality 2: IPl S 1P2. iaeqnali^ 3: -OJ eV S (IP2-IP1)-(X2-X1) 
S 0^ eV, where XI. X2, IPl, and fr2 aie the absphite values of tlie efectnm affinitiea and die innirafifin pntrairiah of 
the N- and P-^pe oiganic flooresoent semicondnctOfB. respectivefy. 



(5 7) 

9. l5IEWaPMS3fett^»l*«tt©-:*r©Mlil»S<!:. ftb:^r® 
-€^*l«LTfc*). i5§E«Pffl«3ttti*t«{*©«?^««i*0«5*ffl«-Xl. I5«e 

®^;i->>fb;f^x>i/^';i/®»*fffi* I Pix BfiiSW«Nai«*tt^«{*0'f*> 

<l:^v7^>^-t'>'b(D^*ffii* I P 2 t U/ii^lc. TEa)itl-^3Cl5«$ti/:: 

- Ko 

^1 : X1^X2 

a;2 : I Pl^ I P2 

iC;3 : -0. 2 e (I P2- I P 1) - (X2-X1) ^0. 2eV 



AM rA^^=-r 

AT ^h!;T 
AU ::^h^yT 

AZ T-eA'^<>f i^rv 

B E 

BF -/A^^^-yr^J 

BG -fA^ifVr 

B J ^■r>' 

BR -fJi^A^ 

BY -<^/W— > 
CA 

CF «f»AT7y*»ftH 
CG 

CH ;^-rx _ 

CI a— h • S?aj;T— A' 

CM i>^A^--y 

CN <I>B 

C2 f^*y3*SlB 

D E K-r 5^ 



DK f^^--^ 

EE 3LXK=T 
E S > 

FR 

GA ittr>> 

GB -<*y^ 

GE ^A'S^T 

GN *=^T 
GR 

Hu ^>';try — 

IE T-fA'^ZxK 

I S TY^^VK 

IT -r^y- 

J p a* 

KE f =^ 
^^^ttASftHiB 



LI y tf^>'->a.*-r^^ 



LK xy^i^ir PT 

LR y-<yT RO 

LS l^yh RU 

LT y hr^^r ^ so 

LU A'^-k>':/A^^ SE 

LV 9hKr^T SG 

MC S I 

MD *A- K^< S K 

MG _ SN 

MK -T^ K=TBji.— SZ 

;^9^^^T^t«lB TD 

ML •▼y TG 

MN *i^rfA- TJ 

MR *-y^=T TM 

MW -^99^ TR 

MX TT 

NE A' UA 

NL it'9:^¥ UG 

NO /A'^*— ^ „ US 

NZ =a--5^-9;^K UZ 

PL «--9VY VN 



4f/i^hifA' 
A'—- r=T 

^n^r=^T^tftB 

VA^9 ^^,7^91^ 
HA' =3 
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lw«MoTt>/i:c>o ZnS, Ca S*>J:CfS r S© J: /iaJW^JpH-IVSlTc* 
^b^«I©i|£3«*{rfe*4i^Nfl:iLTMn^ »±3a7C* Eu^ 

Ce. Tb^^tt. Sm) * K-y-TS-d <!: Hi »)««*t^Et*^ ?»iJ!ji$n 5 »!© 

l^-So U*>L/. cnt,®^»ai|ta|(4:;tffilN5EL*^©ffi«Hw«. 

$tlTl^«o fztA.li. »:©J:9«S:«Jll6^Sn/iW«3t^fefe*©3!l«fflt*ffl 

( 1 ) S. Hayashi et al. . J. Appl. Phys. 25. 1773(1986) 

( 2 ) CI. Tang et al. , Appl. Phys. Lett. . 51. 913(1987) 

Ififi. «fe*^«.*fe*T©=S«EL«^*<§BI6*tlTC>«o haj\^ 
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:^7*-5A4t (1 9 9 2^TiJ) 

(2) fElectroluBinescent Materials. Devices, and Large-Screen DisplaysJ 
5 s SPIE Proceedings Vol. 1910(1993). E. M. Conwell and H. R. Miller 

®J: 9 hS«(cJ:OEL«^jr*>ltSW 

10 ( 1) J. H. Burroughes. et al. . Nature. 347. 539 (1990) 
( 2 ) D. Braun. et al. . Appl. Phys. Lett. . 58. 1982 (1991) 
Cti^.©WtSEL«^Ji, «a^A{Cj:*3x ^A^ti^iETL t«^i®M^ 

'^r ©W«E L*?I4. o|?©i -5 nc 3«o|liS!fi*j/j: 2 « V < tt#Ji«?«lit 
15 **>-:>fe©T*So -t-tit}^^ 1) H 1 ic^^ J: -5 ^«ite 1 taiBSISS 

4 ioraicEs nfew«ie3tJi 2 j:ofiE?nfc56Ji 3 *^tf 

2 ««ii*^-r « E L «^T* -3 iE7L*iliSI«*^ ^ ©iE7L*l63tJi a A 
L^"C:-5-CT'jE?l«!:«?^©e^*<fiC0M^-rSfe®> 2) «^«iSIJi 2 fc J: CF=^ 
«l^*S3^#tr0Uw:^^J;-5nc2S«S*=^-r<5W«EL*^T*oT. « 
20 ^•fi^lS*^t»0«^*II^SiraALT'5-C-CjE7l«!:«^©IS^*<iec OPI^fe-r 
fcckCF. 3) 02JC^^.t9i::. 1 <!:3BgSK5®±JC*S2 

B^i©g 4 i ofb^ce * n^^^ifi^is 6 . mmm^m 2 ^j^amnmmm 3 

ir^ ^ ® jE7L®5R:^*ll3t»{raA LT-t C "CiETL <t«^=-©ti^A<fiC »? fg^-T * 
25 fe©^ ©3S-C*So 

b*^Lni:*<e,. e6*©J:9nj:2S*A:l4^«©:^««5«BI«-ffli^«W«EL« 
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3feW^Ofitfl5ft<lP.ga*«c«ii: LTWUrt^So *ie^«e»14. JL::l-^r•C3^)^o« 

j\/^-y<>h'¥^y:f. 7*yU*Kil4fcJ:cr8HftKx Ml^Ccn^®W»S)BI© 

«^a:;^;W4*-/<> K^^-i-y:/. 7 $ H6fi[fc,^:af«^aK©-€•♦l'€^4^©H6{4fc 
jjft^nSo wOrtMJgIwi:*). Jl2gHft&©^»*)'i:a'^<> KSS©tt i; 
«o PSi|t«{**t*4<!:NM2|s*(**t»4©etl^©ia-C^b/=rtSB««l4. NS!** 

^> ;i {arn-sw^© PM«»®«'^©»»«'Rf <'«&^< u r t lt« < o 

s;W*4'^©^lft*l» <'SiJ©«fi[^< 'J T i: LT« < o P Nfil^iwHB:^isii::/<^ Tx 
««**Mt^«^> «?«l©SJ:*3Nffi«<^lc, jETL«I»SJ:0 PM««f::ttA 
$n-5o wOfillw^A$nfc«^iiE7HiPNS^©^S»wSSI*n*o '<^T 
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3>df'Ji->3> (convolution) ^*lt>l63fe«IS3?-©lPj^l±PN 
e^rt O jETL i «^©£t A©'<5 > >^ J: -» TRS $ *l «o 

*|gW©W«PM«ifetttt^^fcJ:UfW«NM^^fett*t*4<i: UTtt. *n-en^< 
y V^-^ y-rt^l eVijf^i^B. 5 e V®t>©*fflt%ic:i:*<«F*Ul^o 

*l6BJTJi. ^«PMmifett«»<i:lt«Nffi«ittt*t14©-tn^n©'<;*-Wk 

sj^T^^v+^n PI. iP2<Dmttmt^ti^-ti<Dm^mmt><Dmtimxi, x 

^1 : X 1 ^X2 
^2 : I P 1 ^ I P 2 

a;3 : -0. 2eV^ (I P2-I PI) - (X2-X1) ^0. 2eV 

s:*. xiiiw«PS!«3fetti<s#(*©«^afD*®i6*rffi. x2iiw«Ns« 
^^^m»<Di&^m^i](Dt&Mm. i p uiw«PM«3fett4£«{*©>f;f wb;j! 



W096W4687 PCT/JP95W15W 

ii i;TOB?^aAoj£iA:*<fi < <£ « c t j: o wmmE.i:& < -r 5 c i *<-c* 
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tlJVi/^I^, >r>>''?A, ^'DA. Uf-';7A*>5tN{icnt»©^^ 

15 
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CH3O 



nli2J£l±©S»-C*5o ) 



Ar CH=CH— ^ ( I ) 



^tfx A rliSlftfcL<ti?fe{l»0 2fflE05S=S]Ki*f^t*«S*^t4a»fcL<li 



W096m6Srj PCT/JP9S/01S39 

<*ie^«-c*oTt>s<. n«2£i±o»at-c*So n«2ei±©fi»-c*ntf 

^l$^c{eII8$^lni:^^*<. 5~3 0 0 0 0*<fiF* $^.JcjfFSU< «1 0~1 0 
0 0 o-c*«o 

5 liiTC^y :7x-l/>t--U> (PPV) ^fflt^TW«PS!'f^'J7x^b>t- 

«F*L<li 40-16 Omg/m l.J;0j?^L<{i70~9 Omg/m 1 © 
PPVg!J!g<*^?S*. L< lil 0 0 0-3 0 0 0 r pm. J:0«f*L<(il 
8 0 0~2 2 0 0 r prnT. *NOi!F* L < « 3 0 ~ 2 0 Oi^m. J:DJf* L< li 
10 8 0-1 2 OtJ>Pa1<tc^-5^l*T. ck<«fe^L/;: I T0Sfi±{C7.h->=i- h 
j>jl^-C-l 0-"-! O-'O^^T. U< «2 0 0~3 5 O^s «kO»* b< « 
2 6 0-3 0 Or®SS-C. JiFSL<«0. S-lONrjaj. J: Oif t b < {i2- 

P P VI5IK<*»«[*N«»W«PS»J? 'J -7 X u > t'^ u >m*tt«R«-$IIJi-r-5o 

*l|Bj-Cfi6ffl$tl5=&«NM^it1t¥«ft:«*4«x i^l-iC3©W«P 
Mlt^fe*t?EF©>r :t >{t > •> 1- -'I'fc J: Of«?afn:^j <»: <DK9h^mfz-ttim-ttm 

20 ^^-To 
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fSL^zzti)<-c^Zo mwim^^i¥-m»mmo^m^tu ^M-ns o o nmjaT 

5 *<*?*L<s J:»3ifF*U<J4H 1 0 nm*>^ 2 0 0 nin*T-C*«o Lfc*<-:>T. 
W«PN«^^:LT©)5^;5^«1 0 0 OnmE{TT*tllfS<x «F*L/< lil nm 
*^t>5 0 0 nm*TT-**)s «t»)fiFS U< {i2 0 nm*>^>4 0 0 nmtX'X'$>Zo 

<£ I To«g©!stfi:«ai 0 0Q/DJaTo4>®*<jgF*nSo a*. 2 b«i©g 

15 -C. tfc»M«©fil^fc©. tityHi. m. S6. €§. r^Ui-'^A. 
US 2 a <hl^S2 b ,i:©P5irtlE* nsW«PNS^{i. PM#««^ttt*:^oS 

( 1 ) R. A. fessling and S. G. Zinuieraan, i^tM^PFU S3706677 
25 (2) I. Hurase et al. Synth, let.. 17. 639(1987) 

(3) S. Antoun et al. J. Polyia. Sci. . PoIyiD. Lett. Ed.. 24. 504(1986) 

(4) 1. Murase et al, Polyn. CooBun. , 1205(1989) 

(5) 9 2 1 7-^^^ 
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©.t^JSPPVti, m^ii. TmiZ7FLtzVessUng(O^0S.yjrHZ^i)^ 1.4- 
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(n) 
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BtiiEJC^ $ Wessling® IZjiO^fH L ^TSSit ( m ) 




(ID) 



(C^-r*raW'f^';^-8 Omg^r^ ^y-;H Om 1 Jw^*>U ^<«fej|^$tiyt 
Tff^XSS (2 5mmx 7 5mm. J¥*.l. 1 mm) ©±jr 2 0 0 0 r p m. 1 
OOiJ-O^^-CP^f^n-hU. a^^T. 10-»tor r®JIST. 2 8 O'CJC 
fct^T4I^Pa*D»*!iSJrJ:0. I T06D±JcRiP4 5nm©;fxy7*^lx>h-- 
U> (PPV) ©SJB|*f^fiJcL/to «!C^Ts 4-8x10 -'to r r ©H^TT. 
ffiStin«l&{rJ:»)3-7A/»0;^lf-KT% A 1 q 3*4 0 nmSRSLfco ^ 
0-«t o r rOJt^T. ffittSD«Hw J: ») , ■r^<^i/^;A (3%) tTJl^i 
. --^A (9 7J>g) 0^^*5A/»©Xf-KT% 2mmx2mm©v7:i^*ii 
L/TA 1 q 3«ag±{c3ISL. 2mmx 2mm©::^^$ i l 5 0 nm®J5$^-W 

K^*€- h y :n ly^si^mn&m b m - 7 s^ffl i-xnm Lfztz^^ mmav. 

Sfi6^S2 3mA/cmMrfc(,>T{i. liffil 0 0 C d/m'CDC I E 1 93 Ife 
mmmm. x = 0. 38. y = 0. 5 7 0ig|tfe©||3feT*^/::o Ig^taipli, 
0. 17£m/W-C*o^o t^i. -®36^fe^^'r5^- K^H^fef-^^atSliS 4 
5nm-C. M^iftmmiU 2 0 0 OCd/m*T*o/^o 04 JiCOJJl^cDS 
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'^^^^ hJl^t(Ditn<OtMm> *»Bjcr)^>r3i-- K*^^.PPVfcJ;UfA 1 q3M:^*< 
A 1 q 3©maK©W';*-WfcjHx>> + ;l/*SSFf1-S»IAC-lS^B*fflt^ 

$ti/Co H^lirL/TP PVcoixTlix -TjI- Wk^i^T^^^-f >'Hi5. leV. /< 
10 > K4^i"y-rii2. 5 e V. S?^!SfO:t){i2. 6eVTfeofco 

llifegH2 : 7x-U>b'-P>feJ:DfA 1 q 3^fflC>-5^«PNg!^% 



(SC^J. n{i2JSi±©5Sa-C*'5o ) 

;V5XS^ (2 Sminx 7 5mm^ Ef*-1 . 1 mm) ©±{r 2 0 0 0 r pm^ 1 
0 0tJ»O^#TXtr:/=i- h iKt^-C. 1 0-«t o r ^©J^ST^ 2 8 0'CJC 
*^^^T4l^raJD»^aS^CJ:»)^ I TOOJiJwJBIJSS O nm©;J?y ^i-l/^t'- 
lz^ (PPV) ©aiBl^f^S!! U^o ttC^T. 4-8x10 -'tor r®HSTT. 
20 i£efi:JD»^I3J:0 3-7A/»©Xh*- K-C. A 1 q 3 «• 3 0 nmStS L^o $ 
<;»C1 0-» t o r r©HST. ffilJtJnSftJC J; 0 > ^^^^Ki^-^A (3?(J) tT^l/i 
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-'i'A (9 7%) ©^^^5 A/tJ»®Xf- KT. 2mmx 2mm©v>^^*ii 
LTA 1 q 3MW^±lzm^L^ 2mnix 2min®:*:$$ 1 15 0 nm©BE$^W 

*fPiaL/:„ Ms ^^*-e. ZO^yt^-(7t- KCD I T0(l|iJic:/5y^. 

WaE?Bffi4.0mA/cm«^cfc^^Tli. «S2 3 8C d/m*©C I E 1 9 3 ife 
x = 0. 38. y = 0. 5 9<Dmn&<DmytX'^',fZo ¥&^mmi. 

10 5 n niT's 2 6 0 0 C d /m^T*, o El 4 C c OJI^om 

5ali=i). S^xEikfe?®^i6jc^:)t7.^^ h;U;£:^-ro CCD^-i';^-- Ko^ife;^'^ 

*l|Bj©^^;j— K*^^»PPVfcJ:OfA 1 q 3M;5r*<3fgit LTlr^« C 
15 /::o 

A 1 q SOlgMO-f * Wb'J?-r>"> + >'l'^SWfi-g«!AC- lMSI«;£.fflt% 

tf3iL/A:Al q 33iafil©/<> K4*+ y:/©®2. 7 e V ,^:OM*^t>m^^^f^:^ 
(i3. 0 e Vi:ttJS$tifc„ l^^fCbTP P V{z-pi>TJi. ^ ;t -r >■> + 
20 >rWi5. leV^ ^<>V^^yzrit2. 5 e Y ^ ni^mmtUt 2 . 6eVT'*-, 

^^^i'^JS : xen t::7/U:i-U/>feJ:cfA 1 q 3 ^fflt^S=fr«P N^g^gjjfe^ 

TIES; (IV) 




(IV) 
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m.mmiZ^0 3-7 A/ii><omm7.\:f- K-C> l?$10 0nmOaW«S<i:LT 

I TO*<f^f-^$*ifcfi<i5fe^Ly::7y5xSfi (25mmx75mmxl. 
1mm) ©±C«-tl$lt^o iJcJw. ±:ie<!:[^*ICLT. 15$ 2 0 nm®;^ h'nS 
5 K±CW«NM«^fett«*4-C**A 1 q 3«-M-«^F-a-A:o 10 '•tor 

r©J|^T. ffi!»LSDS»lcJ:0. (3%) tT-rl/i -C? A (9 7?«) 

©^^^5 A/tl»®SI8:^h*- KT% 2mmx 2 mm©"ex^«-jiLTiR«$-»i-x 
A 1 q 3aim_hC2mmx 2 mm©::*:# ^ <b 1 3 5 n m©I?$ ^WTS^^* •> 

10 1 6 V®iS2lftmii«-*^«^/c<i:C5. 9 0 0 C d/m^^Sx5^fe©ll^fe*<?it> 
n^o ^^?ajs^li4 2 C d/m«l::*^^^T*tJO. 1 5 £ m/W-c*ofco 
COieife^-f K®ll*k*-^'aSI43Kj5 1 0 nmTfc^fco 
Jttggm : A 1 q 3©mai6jfeX^^ hyUOii^ 
S<«fe^$*ifc I T0^5;;^Sfi±iz5 X l O'" t o r rOM^TV. mtn.m 

15 JSij*lci:0 3-7 A/iJ>©:;^f- KT> TIHxC (V) 



IC^-rjETHfi3l*JTPD*6 0 nms oi^-eiw^ -ftejC^-TA 1 q 3*5 0 nm 
SISLaiSL. Mtr6 X 1 0** t o r r ©HST. ISStSDSiCJ:*). T/bi— 

A/tJ>©>^tf- KTx 2mmx 2mm©vx^'*iiUT^ 2mmx2mm 
©T/W^-fAmg^l 5 0 nmmSU^o Sfi. ^»*-C. c:©EL«^©I 

XSS®*^t>©^:)t*SSfliIU. hJl^'SrM'mLfZo EI5©5c<r5S 




(V) 
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±E^t 8 1::^$ *lfc^fifc:«rftjr i: 0 ^fig UAi^t 1 0 ICl^-T^ftW^^ 'i ^- 8 0 
mg«-y ^y-yH Om 1 ^r»*^L. S<tt^$*ifc/f5xS<£ (2 5mmx 7 
5 5mm^ J?;5^1. 1 mm) 0±jr2 0 0 0 r pm, 1 0 OfJ'Olfe^'eJ^^e^n- 
hLx ttl^Tx 1 0-» t o r r©UST. 2 8 Ot:c*>H>T 4 I^P^ JnSAMlc J: 
Ox I T0©±{wKliE4 5 nrnOd? U 7 ijnu^ t'— L/> (PPV) ©^fJ^^f^ 
fifcLATo m^T. 4-8x10-01 or r cdS^T. JEtit3!JD«*li J: 0. T/P^^ 
"^A^S A/S>0;^ f- KT. 2mmx 2mmcDvx^*aLT> 2mmx2m 
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m ^ (D m m 



1. Ni@. mi&PNm^i^j:itm&(omi::nm^ti. mmtt^iStt<om\zK 

2. laS. WaPN^^*jJ;iy^|^gcDIIiliSIB^*i. mi^tf^i^tcOfSt^n 

■e*-:»T. itIieW«PNS^li. W«PM«3ttti}i«»SKfcJ:CfW«NMS3fe 
t^ii£9i4:»6l:6^^]^j: t). 8;ieSW«PMlt^1£^9{^MO-:&CD^S<;i:ffiS<i:. 

^fetti|t3^<*8IR©-:^OSffi«liJffi4:. flfe:;&®SiBliW«PM«*tt^*(*«BI 
15 t^ti^'ti^LXisO. 8?li5W«PSl^3ti4i|£3l(*©«^afD*CDl6*fffi*Xl. 

g^(*©<;t-wk'j5x>'>-i'/w®tfej^ffi* I PI. m^i'^mNm^^^^m^^O'{ 

^yit^^7-:y'y^jv<DmMm.^ I P 2 i uyritJr. TiecDSC 1 JilE«$ 

20 iCl : X 1 ^X2 

iC2 : I P 1 S I P 2 

a;3 : -0. 2 e ( I P2- I P 1) - (X2-X1) ^0. 2eV 
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